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It has been variously shown that a large number of fungi are capable of 
decomposing different hemicelluloses, using these carbohydrates as sources of 
energy and for the building up of microbial cell substance. The chemical 
processes involved in the decomposition of the various hemicelluloses, espe- 
cially the nature of the products formed, are still little known. Certain species 
of Aspergillus, for example, have been shown (1) to be able to produce enzymes 
hydrolyzing mannans and galactans, when grown in solutions containing the 
respective sugars. Representatives of the genera Mucor, Rhizopus, Botrytis, 
Cladosporium, Thamnidium, Penicillium, Trichothecium, etc. were found by 
Schellenberg (7) capable of attacking various hemicelluloses. A very specific 
difference exists, however, in the ability of the different microörganisms to 
decompose cellulose and hemicelluloses. The Mucorales, for example, are 
unable as a group to attack pure cellulose but are able to utilize very readily 
a number of hemicelluloses. Hemicelluloses of different origin differ markedly 
in this connection, due probably to a difference in chemical nature. The 
hemicellulose of the endosperm of dates, which gives on hydrolysis with acids 
galactose and mannose, was found to be very resistant to decomposition by 
microörganisms; out of 16 species of fungi tested, only 2 (Penicillium sp. and 
Trichothecium roseum) were able to attack this carbohydrate. On the other 
hand, the hemicellulose of Lupinus hirsutus, which gives on hydrolysis with 
dilute acids galactose and arabinose, was readily decomposed by a number of 
fungi, including species of Mucor, Rhizopus, Botrytis, and Cladosporium. 
According to Otto (4), species of Mycogone, Stemphylium, Starchybotrys, and 
various other fungi are also capable of attacking the hemicellulose of the date 
endosperm. 

Fungi can attack readily xylans and other pentosans (6, 9). The majority 
of investigations dealing with the decomposition of pentosans by micro- 
organisms were usually carried out by inoculating a nutrient medium contain- 
ing a certain plant material with a specific organism, incubating for a certain 
period of time and measuring the rapidity of the disappearance of the pen- 
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tosan by the production of furfural on distillation with 12 per cent hydrochloric 
acid. Because of the fact, however, that furfural is produced under these 
conditions both from pentosans and from uronic acid complexes, one can read- 
ily recognize that this method of measurement gives only a very imperfect 
idea of the nature of the substance that has undergone decomposition. It was 
found (8), for example, that the source of the pentosan has an influence upon 
the rapidity of its decomposition by specific organisms. About 50 per cent of 
the pentosan in corn forage was destroyed by pure cultures of fungi in 100 days, 
and only 35 per cent of the pentosan in the rye straw in 300 days. This dif- 
ference may be due not so much to the accompanying complexes in the differ- 
ent plant materials, but largely to the different chemical nature of the hemicellu- 
loses in these materials. Asp. fumigatus was most active in decomposing the 
pentosan and Rhizopus nigricans least; the former is known to be a cellulose- 
decomposing organism, whereas the latter cannot attack cellulose. The abil- 
ity of certain specific microörganisms to bring about the decomposition of 
specific hemicelluloses, such as pectins, has an important application in certain 
plant diseases (2), in the preparation of pectin from fruits (5), in the processes 
of retting of flax, and in the decomposition of plant and microbial residues in 
composts and in soil. 

In their relation to hemicelluloses, microörganisms possess a definite specific- 
ity, more so than in the case of the microbes attacking cellulose and proteins, 
due both to the specific physiology of the different organisms and to the specific 
chemical nature of the different hemicelluloses. Some microérganisms will 
attack hemicelluloses more readily during the early stages of decomposition of 
a plant material, and later attack the cellulose; however, some hemicelluloses 
are more resistant to the action of microörganisms than is cellulose (11). Cer- 
tain species of fungi, like yeasts, are entirely unable to attack hemicelluloses 
(3, 10). 

The total number of fungi capable of decomposing hemicelluloses is con- 
siderably greater than the number attacking pure cellulose. This ability is 
not limited to any one group, but is the property of numerous organisms be- 
longing to the Phycomycetes, Ascomycetes, Fungi Imperfecti, and Basidio- 
mycetes. The information concerning the ability of these various fungi to 
decompose specific hemicelluloses is still very limited. Still less is known of 
the behavior of actinomyces in this respect. 

In the following investigations, an attempt has been made to study the de- 
composition of certain purified hemicellulose preparations, which have been 
freed from sugars, cellulose, and lignin. The methods of obtaining these 
“hemicelluloses” have been described previousiy (12). The fungi used for 
these studies were selected from the laboratory stock cultures. The actino- 
myces, however, were freshly isolated from a fertile soil in which the specific 
hemicelluloses were undergoing active decomposition. No attempt has been 
made to identify and describe the various species of actinomyces thus isolated, 
since they were considered in these experiments more as types representing 
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this particular genus in its ability to decompose hemicelluloses; only active 
organisms have been selected for this purpose. 


DECOMPOSITION OF MANNAN 


The decomposition of mannan, as well as that of the other hemicellulose 
preparations, was studied both in liquid and in sand culture media. In mak- 
ing up these media, the following nutrients were added to 100-cc. portions of 
solution, or to 100-gm. portions of sand containing 20 cc. water: 


gm. 
(NH gsH POs ste nu dee ca aad eee EE EEES 0.050 
KIHPOL. en anne ise LB he RE 0.050 
MS Oise ee eV De ee aac nominee 0.010 
NACH tink ee tee ae ee ea alte 0.010 
(E RRE ee a ne ee Teens 0.010 
FeSO pay ne a ee earn State 0.001 
Marmara se ee Me ea aes ee 0.500 


These portions of liquid or sand media containing the nutrients were placed in 
a series of flasks, sterilized, inoculated with the various pure cultures of the 
organisms, and incubated at 27 to 28°C. for a period of 42 days. 

At the end of the incubation period the contents of the flasks were analyzed 
for total hemicellulose and for ammonia nitrogen. Instead of the hemicellu- 
lose being boiled with acid under a reflux condenser for 5 hours, the hydrolysis 
was effected by autoclaving with 2 per cent HCl under 15 pounds pressure for 
30 minutes. This method of hydrolysis can be employed only when there are 
no other polysaccharides present which would give reducing sugars upon 
hydrolysis with dilute acids under pressure. Ammonia determinations were 
made by distilling an aliquot portion of the culture with magnesium oxide. 

The decomposition of the mannan in the sand medium by pure cultures of 
fungi is shown in table i. All of the fungi tested were found to be able to 
decompose the mannan very actively. The maximum decomposition was 
noted in the case of the Rhizopus, which brought about the destruction of 95 
per cent of the mannan. The Penicillium was found to be the least active of 
the fungi tested, decomposing in this experiment only 76 per cent of the man- 
nan present in the medium. When one compares the amount of nitrogen re- 
quired by the fungi to bring about the decomposition of the mannan, one 
finds that, on an average, 35.5 parts of mannan were decomposed per one part 
of inorganic nitrogen assimilated. In addition to bringing about the greatest 
decomposition of the mannan, the Rhizopus was also the organism that re- 
quired the least nitrogen, 49.2 parts of the mannan being decomposed per one 
part of nitrogen assimilated. It is of considerable interest and possibly of 
practical importance to call attention to the fact that the three representative 
genera of Phycomycetes, namely Zygorhynchus, Cunninghamella, and Rhizopus, 
which are known (13) to be unable to decompose true cellulose, proved to be 
most active in the decomposition of the hemicellulose mannan. These three 
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organisms were not only as active in decomposing the mannan as the true 
cellulose decomposing fungi, namely Trichoderma, Humicola, and Asp. fumi- 
gatus, but they required less nitrogen for this decomposition than the other 
organisms, at least in sand media. 


TABLE 1 
The decomposition of mannan in sand medium by pure cultures of fungi 


MANNAN ANA, | PARTS OF MAN- 
NAN DECOM- 
ORGANISM POSED PER UNIT 
Found De Found ee al eren. 
mgm. mgm. mgm. mgm. 
Control medium. .............. 0000 cece ee ee 305.5) ..... 9.6 oe ae 
Ly gOrhynchus.. 0. ccc ccc ccc cece teen eens 25.9| 279.6] 2.9} 6.7 41.7 
Cunninghamella.... 0.000 30.6) 274.9} 2.3 | 7.3 37.7 
RHIZOPUS. uses nen Bie ee ee dele 15.11 290.4 3.7) 5.9 49.2 
Penicillium. ... ccc neces 71.8) 233.7] 2.4] 7.2 32.5 
Trichoderma; icerir terpiro iS ieas mioo 20.5| 285.0) 0.8] 8.8 32.4 
Humicola.. nen ee Be Ghd era 55.6| 249.9) 1.8] 7.8 32.0 
ASP me Nena 59.9| 245.6 1.9] 7.7 31.9 
Asp. fumigatus... annann 28.41 277.1; 1.8 | 7.8 35.5 
TABLE 2 
Decomposition of mannan in solution medium by pure cultures of fungi 
MANNAN Ben PARTS OF MAN- 
NAN DECOM- 
ORGANISM pH 1 |__| POSED PER UNIT 
Found Te Found er ASSIMILATED. 
mgm. mgm. | mgm. | mgm. 
Control... een 5.4 | 382.5) ..... 9.6 Se ae 
Lygorhynchus..0. 0... cece cece eee eee 5.0 | 255.2) 127.3} 6.0 | 3.6 32.6 
Cunninghamella. 0.00.00 0 6 cee eee 5.2 | 21.6] 360.9} 1.0} 8.6 41.9 
RER sates aire 4.8| 14.9] 367.6, 0.6 | 9.0 40.8 
Penicillium. .........--- nee 5.2 8.1) 374.4, 2.8) 6.8 55.1 
Trichoderma. ..... ipa EEE REPORT 5.2 | 270.5] 112.0) 5.2 | 4.4 25.4 
UMNO sce. nn. eat 5.0} 21.6} 360.9) 1.2 | 8.4 42.8 
ASD: Mer ann ernennen 5.0 | 21.6) 360.9) 0.6 | 9.0 40.1 
Asp. fumigatus............22222ec0..: 5.2 | 17.11 365.4 0.8] 8.8 40.3 


In order to compare the influence of the nature of the medium upon the 
rapidity and nature of decomposition of mannan by various fungi, the same 
organisms were inoculated into a sterile solution containing mannan and in- 
organic nutrient salts. The results obtained in this experiment are reported 
in table 2. Colorimetric determinations of the hydrogen-ion concentration 
of the medium as expressed by their pH value, were also made in all the cul- 
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tures. The increase in the H-ion concentration in the inoculated flasks indicates 
the formation of organic acids during the decomposition process. The results 
are not in exact conformity with those obtained in the sand medium. Peni- 
cillium, for example, which decomposed the least amount of mannan in the 
sand medium, brought about the greatest decomposition in the solution me- 


TABLE 3 
The decomposition of mannan in sand medium by pure cultures of soil actinomyces 


MANNAN eur PARTS OF MAN- 

oRCANISM |__| rosen pen unr 

Found Deom; Found Assimi; ee 
Control. ui Mia eects ahs 305.5] ..... 9.6] ... det 
Actinomyces 26.0.0... 6.0 cece eee eee 31.3) 274.2) 1.2) 8.4 32.6 
Actinomyces AO... 00... cece teens 15.1) 290.4) 4.1] 5.5 52.8 
Actinomyces 48.0.0. 0... ccc cece nes 25.9] 279.6} 5.8 | 3.8 73.6 
Actinomyces 50... 00.6. .ccccccccccceeee es 17.8} 287.71 3.7] 5.9 48.8 
Actinomyces 54.00... 6c cece een eee 26.1) 279.4 4.3] 5.3 52.7 
Actinomyces 33.0.0... c cece ccc cee 23.9| 281.6] 4.7] 4.9 57.5 
Actinomyces 51... 6. c ccc ccs 44.1) 261.4, 3.2) 6.4 40.8 
Actinomyces 10.0... ccc ccc eee cee eens 32.9} 272.6) 2.5] 7.1 38.4 


TABLE 4 
Decomposition of mannan in solution medium by pure cultures of soil actinomyces 


MANNAN tinapa PARTS OF MAN- 
NAN DECOM- 
ORGANISM pH |y | | POSED PER UNIT 
Found Pr Found a: Bern 
mgm. | mgm. | mgm. | mgm. 
Control u... arena 5.4 | 382.5} ..... Sides eds ths 
Actinomyces 26. .....0 60. 5.2 | 203.9) 178.6) 4.4] 5.2 34.4 
Actinomyces 40... uneon naaraana 5.2 | 28.4) 354.1) 2.8] 6.8 §2.1 
Actinomyces #8... 00.0. c eee eee 5.2 | 127.8) 254.7) 2.2] 7.4 34.4 
Actinomyces SO. ....22 2222222 5.2 | 194.0) 188.5) 3.4 | 6.2 30.4 
Actinomyces SA. ...2ecnueeeeeeneenee nn 5.2 | 208.8] 173.7| 5.8 | 3.8 45.7 
Actinomyces 33.222222 006 c cee cee 5.0 | 164.3) 218.2] 1.2) 8.4 26.0 
Actinomyces S1....222- 0000. 5.2 | 99.0) 283.5} 0.2] 9.4 30.2 
Actinomyces 16... 0.0.0... cece eee 5.2 | 176.9} 205.6} 1.6 | 8.0 25.7 


dium, 97.9 per cent of the mannan originally present having disappeared dur- 
ing the period of decomposition. The ratio between the decomposition of the 
hemicellulose and the nitrogen utilization was wider in the solution cultures 
than in the sand cultures. 

The following two experiments deal with the decomposition of the mannan 
by a series of actinomyces. The action of these organisms upon the hemi- 
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cellulose in a sand medium is reported in table 3. The process of decomposi- 
tion was carried out rapidly by the actinomyces as well, although these organisms 
are usually reputed to be slow growing; Actinomyces 40 brought about the 
greatest decomposition, 95 per cent of the mannan having disappeared in 
the given period of time. The lowest amount of decomposition was noted 
in the case of Actinomyces 51, but even in this case 86 per cent of the mannan 
originally present in the medium has disappeared. The utilization of nitrogen 
in the decomposition of this polysaccharide by actinomyces shows more varia- 
tion than in the case of the fungi: the average ratio of mannan decomposed to 
the inorganic nitrogen assimilated was 47.2 with 73.6 as the maximum and 32.6 
as the minimum, this ratio being wider than in the case of the fungi. 

The results of the decomposition of mannan by pure cultures of actinomyces 
in a liquid medium are given in table 4. The changes in pH in these cultures 
were not very great. Only in one case, namely with the Actinomyces 33, was 


TABLE 5 
The decomposition of mannan in salep root by pure cultures of fungi and actinomyces 


AMMONIA- 


MANNAN NITROGEN PARTS OF MAN- 

NAN DECOM- 

ORGANISM pH me << | POSED PER UNIT 

_ | o N 

Found pe Found Armis rn 

mgm. mgm. mgm. mgm. 

Controli seeen eaa eian ale 7.0 | 660.4) ..... 62.0] .... ene 
Zygorhynchus. occ ccccec eevee cceeees 6.4 | 224.6) 435.8) 57.6 | 4.4 99.0 
Rhizopus. 222204 6.8 | 47.5| 612.9] 48.4 | 13.6 45.0 
Penicillium... cee 7.0 | 39.4! 621.0] 46.4 | 15.6 39.8 
Trichoderma... 00.00.00 ccc ee 6.6 | 340.7) 319.7] 56.4 5.6 57.1 
Humicola... 0.0.00 cece 7.0 | 83.2) 577.4] 54.0 | 8.0 72.2 
Achinomyces. ooo 6.4 | 44.8) 615.6] 48.0 | 14.0 44.0 


the pH value lowered by 0.4. The average amount of mannan decomposed by 
actinomyces in solution culture was 67 per cent of the total. However, the 
Actinomyces 40 decomposed 92 per cent of the total mannan present in the 
medium. On the average, one part of inorganic nitrogen was assimilated by 
the actinomyces for every 34.8 parts of mannan destroyed in liquid medium. 
These organisms decomposed considerably larger amounts of hemicellulose 
per unit of inorganic nitrogen assimilated in sand than in solution media, or a 
larger quantity of nitrogen is transformed from an inorganic into an organic 
form by the same organism when it grows in a liquid medium than in a fully 
aerated sand medium. 

The results presented here prove beyond any doubt that when mannans 
are applied to soil in the complex plant materials, they soon disappear, if 
conditions for their decomposition are favorable. The above investigations 
were carried out by the use of purified mannan. In order to determine whether 
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or not the extraction and preparation of the mannan had any influence upon 
the nature and rapidity of its decomposition, the utilization of mannan in its 
natural state, namely in the form of salep root by microörganisms, was studied. 
These studies were carried out in liquid medium only. The results, reported 
in table 5, show that from 48.4 to 94.0 per cent of the mannan in the natural 
product was decomposed by the fungi; in other words, the decomposition is as 
rapid as that of the purified preparation. The actinomyces decomposed 93.2 
per cent of the mannan added to the medium. The nitrogen consumption by 
the organisms bringing about the decomposition of the mannan in the salep 
root is considerably less than in the case of the purified mannan preparation, 
62.6 units of the mannan being destroyed per unit of nitrogen assimilated, in 
the case of the fungi, and 44 parts in the case of the actinomyces. The nitro- 
gen utilization value in this experiment should, of course, not be considered as 


TABLE 6 
The decomposition of xylan in sand medium by pure cultures of fungi 


AMMONIA- 


XYLAN NITROGEN [PARTS OF XYLAN 
DECOMPOSED 
ORGANISM m] 211111111 PER UNIT OF 
Found Decon: Found an Anlass 
mgm. | mgm. | mgm. | mgm. 
Control, ans iepa o Looe Sas o aa 152.0) .... | 8.6] ... sane 
Lygorhynchus. ccc ccc vec c ccc c cee eees RR. 107.11 44.9] 6.1| 2.5 18.0. 
Cunninghamella........... ee en Dane 67.01 85.0 | 3.4] 5.2 16.3 
RODUS oer od cate Hh en nern Ei 79.2) 72.8) ... oa en 
Penicillium... onnsa nnan he 79.2) 72.8) 3.9] 4.7 15.2 
Trichoderma... 20... e eens 65.7) 86.3 | 2.8] 5.8 14.9 
WMI COLE sie ose spn i a Hoo od nee ine 88.21 63.8 | 3.4] 5.2 12.3 
Asp. fumigatus... 00... e eee 52.9] 99.1 | 2.8] 5.6 22.5 


exact as in the experiments with the purified mannan, because in the former 
instance the organisms had at their disposal some of the nitrogen present in 
the salep root itself, which they used in preference to the added inorganic 
nitrogen. 


DECOMPOSITION OF XYLAN BY MICROORGANISMS 


The experiments dealing with the decomposition of the xylan preparation 
were carried out in the same manner as outlined for the decomposition of the 
mannan. The flasks were inoculated with organisms which had shown, in 
previous experiments (not reported here), that they were capable of decom- 
posing xylan. The incubation period was 6 weeks at a temperature of 27 to 
28°C. The methods of quantitative analysis were also the same as those 
employed in the previous experiments. 

All the fungi tested (table 6) decomposed the xylan, but to a varying extent. 
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The range of decomposition was 29.5 and 83.0 per cent of the xylan in the sand 
medium. Aspergillus fumigatus brought about the maximum destruction of 
the xylan, whereas Zygorhynchus attacked this carbohydrate to the least ex- 
tent. In bringing about this process, the fungi consumed a large amount of 
nitrogen, the average being about one unit of nitrogen consumed for every 
16.7 parts of xylan decomposed. The reason for this large consumption of 


TABLE 7 
The decomposition of xylan in solution medium by pure cultures of fungi 


AMMONIA- 


XYLAN NITROGEN PARTS OF XYLAN 
DECOMPOSED 
ORGANISM pH PER UNIT OF 
Found Darom Found Assim ASSIMILATED 
mgm. mgm mgm. mgm. 
Control... een 6.2 | 287.3] ..... 8.6 
Zygorhynchus. nn. cece cece eee 6.2 | 235.8) 51.5 BR safe 
Cunninghamella.........- 2222222200: 6.0 | 132.6| 154.7) 3.2 | 5.4 28.7 
Rhizopus eris aan ieee ra 6.2 | 232.2} 55.11 6.6! 2.0 27.6 
Penicullium. wen. .sss uses en 6.2 | 129.0} 158.3) 5.0; 3.0 52.8 
Trichoderma... 0.0.00... c cece cece ee 6.2 | 126.0} 161.3) 2.6] 6.0 26.9 
Humicbla:. ae. sts: 6.2 | 92.4) 184.9) 3.4] 5.2 35.6 
ASP. Niger ee fe 5.8 | 129.0] 158.3) 1.6| 7.0 22.6 
Asp. fumigatus... 0000... cece eee 5.8 | 110.4! 176.9) 1.2] 7.4 23.9 
TABLE 8 


The decomposition of xylan in sand medium by pure cultures of actinomyces 


AMMONIA- 


XYLAN NITROGEN PARTS OF XYLAN 
DECOMPOSED 
ORGANISM PER UNIT OF 
Decom- Assimi- SERO CEN, 
Found posed Found lated ASSIMILATED 


mgm. | mgm. | mgm. | mgm. 


Controls re astra 152.0) ..... 8.6 = aller 
Actinomyces. 26... 2. cn 38.7| 133.3) 2.3] 6.3 18.0 
Actinomyces 4D.. 22222222 cee ee eee 25.2] 126.8) 3.3 | 5.3 23.9 
Actinomyces 50... 66. cece eee 29.7; 122.3} 2.2] 6.4 19.1 


nitrogen with xylan as a source of energy in the sand medium remains to be 
determined. 

The decomposition of the xylan in solution medium by pure cultures of fungi 
is shown in table 7. The greatest decomposition was brought about by Humi- 
cola and Asp. fumigatus, which destroyed 64'and 62 per cent of the xylan re- 
spectively in 6 weeks. The Rhizopus and Zygorhynchus brought about the 
least decomposition, so that the average amount of xylan destroyed by the 
various fungi was 49.2 per cent. In the case of the liquid medium 27.6 parts 
of xylan were decomposed for every unit of nitrogen assimilated. 
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The decomposition of xylan by actinomyces is reported in tables 8 and 9. 
The results of decomposition in the sand medium, where only three strains 
were employed, show that these organisms are capable of decomposing xylans 
very rapidly: on the average, 79.5 per cent of the xylan present in the medium 
disappeared in 6 weeks. The fact that 20.3 parts of the xylan were decomposed 


TABLE 9 
The decomposition of xylan in solution medium by pure cultures of actinomyces 
XYLAN Rinne PARTS OFTXYLAN 
DECOMPOSED 
ORGANISM | | PER UNIT OF 
Found piton Found asimi een 
mgm. | mgm. mgm. | mgm, 
Control scat een 287.3) ..... 8.6] ... TEF 
Actinomyces 26... 0... cc cece E ei 178.9] 108.4; 5.2 | 3.4 31.9 
Actinomyces 40.0... ccc cee eee 186.6) 100.7) ... apple aks 
Actinomyces 48.0.0... ccc cee eee e eee 186.6} 100.7) 4.4] 4.2 24.0 
Actinomyces 50... 0... cece cece een nes 235.8] 51.5} 7.8] 0.8 64.4 
TABLE 10 
The decomposition of xylan in corn cobs in solution medium by pure cultures of fungi and 
actinomyces 
XYLAN econ PARTS OF XYLAN 
DECOMPOSED 
ORGANISM pH TT 7717 | PER UNIT OF 
Found Peen Found Animi en 
mgm. | mgm. | mgm. mgm. 
Control. ter sahen 6.8 | 405.5] ..... 30.0 
Rhizopus..... sass lee eos ties ee eae ose 6.6 | 187.9) 237.6) .... nih PR 
Penicillium. 0.00. 6.6 | 223.6) 181.9] 23.6 | 6.4 28.4 
Trichoderma. 0.2.0.0... cc cece eee 6.6 | 331.0} 74.5] 28.0 2.0 37.3 
Humicola.. cc... ccc seen nn 6.5 | 299.7| 105.8) 25.6 | 4.4 24.1 
Cunninghamella..... 0.6.0.0 0.06 cece 6.6 | 191.2} 214.3) 28.4 | 1.6 ire 
Asp ner... een she na 6.5 | 302.9| 102.6} 28.0 | 2.0 51.3 
Asp. fumigatus... nannan annann 6.5 | 187.5| 218.0| 25.2 | 4.8 45.4 
Actinomyces 26....... 0.6... eee eee 6.6 | 372.11 33.4) 28.4 | 1.6 20.9 
Actinomyces SO... 222222222 6.5 | 362.9| 42.6) 27.6 | 2.4 17.8 
Actinomyces 40.0.0... 0. ccc eee eee 6.5 | 306.2} 98.3) .. 


for every unit of nitrogen assimilated shows an extensive energy consumption 
just as in the case of the fungi. In liquid medium (table 9) the actinomyces 
proved to be much less efficient, because of unfavorable cultural conditions. 
On the average, 31.4 per cent of the xylan originally present in the medium 
was decomposed; one part of nitrogen was assimilated for every 40.1 parts of 
xylan destroyed. 
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In order to study the decomposition of the xylan in the natural state, ground 
corn cobs were employed. Xylan makes up about 30 per cent of the total 
constituents of the dry corn cobs. Although the microörganisms were capable 
of attacking the other constituents in the corn cobs as well, only the transforma- 
tion of the xylan portion was taken into consideration. The studies were 
carried out in a manner similar to the previous experiments, using a solution 
medium. The results are given in table 10. ‘On the average, the fungi de- 
composed 43.1 per cent of the xylan originally present in the corn cobs, whereas 
the actinomyces brought about the disappearance of only 14.3 per cent of the 
xylan. These results show definitely that a certain chemical complex may be 
decomposed by microörganisms in a different manner in a purified condition 
than when present in the natural state in the plant materia]. Whether this is 
due to the influence of the other organic complexes in the plant upon the 


TABLE 11 
The decomposition of galactan in sand medium by pure cultures of fungi 


GALACTAN oe FARTS GE OATAG: 
ORGANISM (2) Veen] [| oe ae Bose PEE UNIT 
Found Decor Found Asini: paar 
mgm. mgm. mgm. mgm. 
Controls iane a a ad a 170.2) ....] 9.3] ... E 
Zygorhynchus.. 00... ccc cece ccc eee eee 127.8 42.4) 7.9] 1.4 30.3 
Cunninghamella. 0... 0 00.0 cece ee 127.8} 42.4 | 8.7) 0.6 70.7 
Rhigopüs.s:..22.2u nenne 142.2) 28.0 | 7.6! 1.7 16.5 
Penicillium... tence eee 122.4 47.8 | 8.7] 0.6 79.6 
Trichoderma 27.0000... 0 eee 108.9} 61.3 | 7.7] 1.6 38.3 
Humicola ns... anlegen 86.4) 83.8 BR da eae 
ASP. Niger. enn nen: 99.0) 71.2] 7.6] 1.7 41.9 
Asp. fumigatus... oa.n nannaa 108.9| 61.3) 7.9] 1.4 43.8 


decomposition of the specific complex, or due to its chemical or possibly physi- 
cal modification in the process of preparation and purification remains to be 
determined. The limitations of nitrogen utilization studies when impure 
preparations are employed being considered, the fungi brought about the 
decomposition of 34.5 parts of xylan per unit of nitrogen assimilated, and the 
actinomyces, 19.4 parts. 


DECOMPOSITION OF GALACTAN BY MICROÖRGANISMS 


The decomposition of galactan by various microörganisms was carried out 
in a manner similar to the studies of mannan and xylan decomposition. The 
galactan was found to be considerably more resistant to attack by micro- 
organisms than the other two carbohydrates. There was also observed con- 
siderably greater variation among the various organisms in their ability to 
decompose the galactan. The decomposition of galactan in the sand medium 
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by pure cultures of fungi is reported in table 11. The results show that, on 
the average, 33.3 per cent of the galactan disappeared as a result of the ac- 
tivities of the fungi. The amount of galactan decomposed per unit of nitro- 
gen assimilated is rather variable, the average value obtained being about 35. 

The decomposition of galactan in solution media by pure cultures of fungi 
(table 12) is quite similar to that in sand media. The nitrogen utilization in 
this experiment could not be computed with any degree of accuracy because 


TABLE 12 
The decomposition of galactan in solution medium by pure cultures of fungi 


GALACTAN AMMONIA-NITROGEN 
ORGANISM pH Sue 
Found | Decom- | Found | Agsimi- 
mgm. mgm. mgm. mgm. 
Control eroin eiere e a aa e eee ian! 7.2 | 306.9] ..... 9.3 vce 
Zygorhynchus. 0.0 ccc eee 7.6 | 218.7 | 88.2] 9.0 0.3 
Rhizopüs... ee nenn wed Oe a ies 7.4 | 202.5 | 104.4 | 9.0 0.3 
Penicillium. 0.000 aeae aa nen 7.4 | 202.5 | 104.4) 8.7 0.6 
Cunninghamella... 0.0.00 cece cee 7.6 | 261.9} 45.0] 9.3 u 
Trichoderma.........222222 2220er en 7.4 | 192.6 | 114.3] 8.7 0.6 
Hümicold:. usa. nn ERR RS ea 7.5 | 208.8] 98.1 | 9.3 ists 
ASE NigeE | ud nahen 7.4 | 192.6 | 114.3 | 8.7 0.6 
Asp. fumigatus... 0. occ cence eee 7.2 | 192.6 | 114.3 | 9.0 0.3 
TABLE 13 


The decomposition of galactan in sand medium by pure cultures of soil actinomyces 


GALACTAN OGEN ee 
orcamsu en 
Found | Dec Found | Ain] erreeme, 
mgm. | mgm. | mgm. | mgm. 
Control is. gases bee een 170.2) ..... 9.3 ane ‘ise 
Actinomyces 26... 0.6... 119.7} 50.5} 8.1 1.2 42.0 
Actinomyces 33........00 0. cee .-.| 99.0) 71.2) 8.3) 1.0 71.2 
Actinomyces 35. nises cece eee 135.9) 34.3) 6.9) 2.4 14.7 
Actinomyces 40.00.66 97.2; 73.01 7.4] 1.9 38.4 
Actinomyces 50.0.0... cc ccc eee eee 69.3] 100.9] 7.8} 1.5 67.3 


of the inconsistent results obtained. In view of the fact that the galactan 
preparation contained a certain amount of combined nitrogen, which some of 
the organisms at least could utilize, the exact röle played by the inorganic nitro- 
gen under these conditions in favoring decomposition could of course not be 
ascertained. There was an average decomposition of about 30 per cent of the 
galactan present in the medium. 

The destruction of the galactan by actinomyces in sand culture is given in 
table 13. It has been observed in preliminary experiments that the galactan 
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supports an active flora of actinomyces in the soil, and one might, therefore, 
expect that this group of soil microörganisms would decompose a considerable 
part of the galactan. The actinomyces employed in this experiment actually 
brought about the disappearance of about 38.8 per cent of the galactan origi- 
nally present in the medium. These organisms were able to decompose, on 


TABLE 14 
The decomposition of galactan in solution medium by pure cultures of soil actinomyces 
GALACTAN AMMONIA-NITROGEN 
ORGANISM pH an 
Found peron Found Assim- 
mgm. mgm. mgm. mgm. 
Control. messen rin 7.2 | 306.9 | ..... 9.3 
Actinomyces 26....0.0.000 00. c ccc cece 7.5 | 218.7] 88.2] 9.7 
Actinomyces 33.0 ananuna nanenane 7.4 | 202.5 | 104.2 | 9.7 
Actinomyces 35.00.60 ccc eee 7.3 | 258.3 | 48.6] 9.7 hay 
Actinomyces 40... 00... 7.4 | 216.9 | 90.0] 9.0 0.3 
Actinomyces 50.0... ccc cece eens 6.6 | 286.2 | 20.7] 8.3 1.0 
TABLE 15 


The decomposition of galactan in Irish moss in solution by pure cultures of microorganisms 


cazactan | Amoma. | CA CraNt 

ORGANISM — I re a PER UNIT OF. 

Found | Decor Found [Aim] aac 

mgm. | mgm. | mgm. | mgm. 

(Clap otada) PAEA AEE S ENE 382.3) ..... 50.0] ... wane 
LygOrhynchus... 0... cece ccc cece eee eee 265.7} 116.6} 43.2 | 6.8 17.1 
Rhizopus oae iaa ea ee ee 259.7| 122.6] 46.0 | 4.0 30.7 
Penielllium:.s: Fie ca waste sd Bee Manned aed 263.0} 119.3] 43.2 | 6.8 17.6 
Cunninghamella...... 00060 eee 244.6) 137.7) 43.2 | 6.8 20.3 
Trichoderma: ... une vb okie tek en 265.7| 116.6] 43.6 | 6.4 18.2 
LIC OLE: Shiai denn genen hs apace 271.6] 110.7} 46.8 | 3.2 34.6 
Asp. niger 12. en een anne ...-| 281.3] 101.0] 44.0 | 6.0 16.8 
Asp. fumigatus... 0.00.0 271.6) 110.7) 48.4 | 1.6 69.2 
Actinomyces 26.0.0... ccc eee eee ...+.}| 263.0) 119.3] 47.6 | 2.4 49.7 
Actinomyces 33.000... ccc ccc cence ene 268.9] 113.4) 48.8 | 1.2 94.5 
Actinomyces 35.00... ice eee 287.3; 95.0] 48.0 | 2.0 47.5 
Actinomyces 40........2 222222 eeneeeneneen 253.8) 128.5) 46.8 | 3.2 40.2 
Actinomyces DO... 0... occ ene eee ee 241.9] 140.4) 44.8 | 5.2 27.0 


the average, 46.7 parts of galactan for every unit of nitrogen assimilated in the 
synthesis of their protoplasm. Here again, it is difficult to tell how much the 
utilization of the organic nitrogen in the galactan preparation modified the 
consumption of inorganic nitrogen for the synthesis of the microbial cell 
substance. 
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The decomposition of galactan in the solution medium by actinomyces is 
shown in table 14. The results are very variable, similar to those noted in the 
decomposition of the galactan by the fungi. About 22.9 per cent of the total 
galactan in the medium was destroyed by the actinomyces. The utilization 
by the organisms, under these conditions, of the organic nitrogenous constit- 
uents of the galactan preparation is indicated by the fact that in certain 
cultures there was more ammonia at the end of the experiment than at the 
beginning. The actinomyces are known to be organisms capable of attacking 


TABLE 16 
Evolution of carbon dioxide in the decomposition of mannan by pure cultures of fungi 
CO, as mgm. C ` 
DAYS OF INCUBATION 

ORGANISM _—_—_—_ nee sn eee 

2 4 6 11 18 28 42 

"mem. | mem. | mem. | mem. | mem. | mem. | mem 

Control se sii Er en ans 0.1 0.3; 0.7 2.0 3.5 4.0 5.2 
LY BOTRYNCHUS. 006 cee 15.1 | 29.3 | 39.7 | 49.9 | 55.7 | 62.1 | 72.0 
RAIGOPUS. enere ne ue EISE eee eaes 21.0 | 30.6 | 51.8 | 60.2 | 63.3 | 66.0 | 69.1 
Penicillium. ..... o, onnan 9.4 | 27.0 | 50.4 | 60.2 | 63.9 | 67.4 | 70.3 
Trichoderma.. .... nannan 15.4 | 34.0 | 44.2 | 50.1 | 58.4 | 66.5 | 71.0 
Humicola. oana 17.4 | 37.1 | 55.7 | 61.2 | 64.8 | 67.0 | 70.2 


TABLE 17 
Evolution of carbon dioxide in the decomposition of mannan in sand medium by pure cultures 
of soil actinomyces 


CO: as mgm. C 
DAYS OF INCUBATION 
ORGANISM 
2 4 6 11 18 28 42 
mgm. mem. mem mgm. mgm. mem mem 
Control... ick een 0.1]; 03] 0.7] 2.0] 3.5] 4.0} 5.2 
Actinomyces 26.0... 0. ccc cece eee 11.3 | 17.5 | 29.9 | 43.4 | 55.9 | 71.5 | 91.3 
Actinomyces 40.0... 0... cece eee eee 15.1 | 31.8 | 47.1 | 62.2 | 73.6 | 80.4 | 85.8 
Actinomyces 48.0.0... ccc ccc eee eee 5.9 | 13.2 | 35.5 | 72.1 | 84.4 | 89.6 | 95.9 
Actinomyces 50... 0.00.6... cece eee ee 11.3 | 30.2 | 43.3 | 64.9 | 79.8 | 86.0 | 89.9 


organic nitrogenous complexes as sources of energy in preference even to read- 
ily available carbohydrates. 

The decomposition of the galactan in the unmodified plant material, namely 
the Irish moss, was also studied. It is to be remembered of course that this 
plant material contained other organic complexes in addition to the galactan, 
which were undergoing decomposition. This would influence particularly 
the nitrogen consumption by the microörganisms. However, only the decom- 
position of the galactans was considered in this experiment. The results 
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presented in table 15 bring out again the resistance of the galactan in the nat- 
ural state towards decomposition by various microörganisms. The fungi 


TABLE 18 

Evolution of carbon dioxide in the decomposition of mannan in salep root by microörganisms 
CO: as mgm. C 
DAYS OF INCUBATION 
ORGANISM 
8 11 13 15 18 24 30 

mgm. mgm. mgm. mgm. mgm. mgm. mgm. 
Controles rennen et 1.0: 1.5] 2.1] 28| 3.5] 40| 4.5 
Lygorhynchus.. cc. ccc cee eee 14.7 | 25.4 | 30.8 | 34.1 | 37.7 | 44.0 | 48.6. 
RHIZOPUS. 06 eee 32.5 | 59.3 | 76.1 | 88.9 | 97.5 1109.9 117.7 
Penicillium.......... ste 14.3 | 37.1 | 52.3 | 63.4 | 76.8 | 93.6 |104.1 
Trichoderma........ 222222 csesceeen 12.4 | 33.8 | 51.3 | 61.1 | 66.8 | 75.3 | 78.3 
Actinomyces 26... 22222222 s essen 5.8 | 23.3 | 44.8 | 61.0 | 74.2 | 95.7 [102.7 


TABLE 19 
Evolution of carbon dioxide from xylan by pure cultures of fungi 
CO, as mgm. C 


DAYS OF INCUBATION 


ORGANISM 
4 6 18 28 42 
mgm. mgm. mgm. mgm. mgm. 
Control... wer tae tetas 0.3 0.8 2.5 3.8 5.1 
Zygorhynchus.... 2222022 cece cee ees 2.0 2.4 4.1 6.0 | 10.1 
Rhizopus oosit ooo ees dantre i uie le on 2.8 3.9 7.0] 10.3] 13.5 
Penicillitimeerescty Aush es EES A 9.7 | 24.7 | 39.4 | 42.1 | 46.4 
Trichoderma.. un. roata ks gE en 14.4 | 29.5 | 43.4 | 46.7 | 48.7 
Hümicola. aiee cies so es an ce itenni eiendoms 19.2 | 30.4! 39.6] 42.3] 47.3 
TABLE 20 
Evolution of carbon dioxide from xylan by pure cultures of actinomyces 
CO: as mgm. C 
DAYS OF INCUBATION 
ORGANISM 
4 6 18 28 42 
mgm. mgm. mgm. mgm. mgm. 
Controls... ns 0.3 0.8 2.5 3.8 5.1 
Actinomyces 26. . 2.2.2222 2222er: 12.8 | 25.6 | 48.1 | 56.8] 65.6 
Actinomyces 40.0006. 17.7 | 32.4 | 52.3 | 60.8 | 67.8 
Actinomyces 50... 2.6... 2 eee 0.4 2.4} 18.5 | 42.0 | 52.4 


decomposed only 31.0 per cent of the hemicellulose in a period of 6 weeks and 
the actinomyces 31.2 per cent. It is interesting to note two phenomena 
brought out in this experiment; namely, the fact that the active cellulose- 
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decomposing fungi Trichoderma and Asp. fumigatus decomposed no more ga- 
lactan, in fact even less, than the non-cellulose decomposing Phycomycetes; 
the abundant decomposition of galactan by actinomyces confirms the previous 
observations concerning the use of purified preparations. The fungi and 
actinomyces assimilated one part of nitrogen for every 27.9 and 51.8 parts 
of galactan decomposed respectively. This difference in ratio is due both to 
the greater nitrogen consumption by the fungi and to greater ability to utilize 
the organic nitrogen in the moss by the actinomyces. 


carbon evolved as CO, 


Mom. 


Control 


/8 28 
Days of incubation 


Fic. 1. Tue Rate or DECOMPOSITION OF MANNAN IN SAND MEDIUM BY PURE CULTURES OF 
FUNGI AND ACTINOMYCES 


In all the previous experiments only the total quantities of hemicellulose 
decomposed over a definite period of time were considered. In order to ascer- 
tain also the relative speed of decomposition of the various hemicelluloses, the 
carbon dioxide evolved in the process of decomposition was measured at short 
intervals over an extended period of time. The sand medium was utilized 
for this purpose. Carbon dioxide-free air was drawn through the cultures to 
displace the carbon dioxide in the flasks and this gas was absorbed in N /6 bar- 
ium hydroxide solution. The excess barium hydroxide was titrated back with 
standard oxalic acid solution, at frequent intervals. 
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Table 16 shows the accumulative evolution of carbon dioxide, reported as 
milligrams of carbon, by the various fungi from mannan in sand culture. 
About 170 mgm. of carbon were added in the form of mannan; a little over 
one-third of this amount was liberated as CO, in 42 days. Since the fungi 
used represent several distinct types, it would appear that the mannan is 
readily decomposed by fungi in general and at about the samerate. Decom- 


CO 


as 


carbon evolved 


Mgm. 


8 v 78 ZF 
Days of incubation 


Fic. 2, THE RATE OF DECOMPOSITION OF MANNAN IN SALEP IN SAND MEDIUM BY PURE 
CULTURES OF FUNGI AND ACTINOMYCES 


30 


position was very rapid during the first 11 days; after that period, the rate of 
decomposition gradually decreased. 

The liberation of carbon dioxide from mannan by actinomyces grown in 
sand medium is shown in table 17. A marked similarity in the total amounts 
of carbon evolved is again noted. The actinomyces were at first slower in 
bringing about the decomposition of the mannan than were the fungi, but they 
became more active later, finally resulting in the liberation of larger amounts 
of carbon dioxide. All the actinomyces liberated over one-half of the total 
carbon present originally in the mannan as carbon dioxide. Since the fungi 
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produce a more extensive mycelium than do the actinomyces, and use, there- 
fore, more carbon for that purpose; the actual amount of mannan decomposed 
was probably the same, if not more, in the case of the fungi. This was brought 
out in tables 1-4. 

These results show that, although the method of determination of carbon 
dioxide evolution as an index for measuring the rapidity of decomposition of 
plant material is very satisfactory, it cannot be used for comparing the ac- 
tivities of different groups of organisms which differ in their metabolism. This 
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Fic. 3. THE RATE OF DECOMPOSITION OF XYLAN IN SAND MEDIUM BY PURE CULTURES OF 
FUNGI AND ACTINOMYCES E 


is true in the study of decomposition of more or less definite chemical complexes, 
but even more so in the study of unmodified plant materials. The same 
amount of carbon dioxide given off by different organisms may actually be a 
result of the decomposition of different plant constituents or different amounts 
of the same constituent. 

Following the same plan of experiment, the evolution of carbon dioxide in 
the decomposition of natural mannan in the salep root was studied. It is 
of course possible and even certain that not all the carbon dioxide evolved in 
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this experiment came from the decomposition of the hemicellulose in the salep, 
but the mannan content is so large, in proportion to the other constituents, and 
the microörganisms have shown their ability to decompose the mannan so 
actively, that one is safe in assuming that most of the carbon liberated came 
from the mannan. The results of this experiment are given in table 18. The 
fungi showed the most active decomposition of the mannan in the early stages 
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Fic. 4. THE TOTAL DECOMPOSITION OF THE VARIOUS HEMICELLULOSES BY FUNGI INA 
PERIOD OF SIX WEEKS 


of growth, but they did not slow down as much near the end of the incubation 
period as they did when the purified mannan was used as a source of energy. 
The rate of decomposition of xylan from corn cobs, as shown by the evolu- 
tion of carbon dioxide, was also studied. The plan of the experiment was 
identical to that used in the case of the mannan. Table 19 shows the amounts 
of carbon dioxide, reported as milligrams of carbon, evolvedin the decomposition 
of xylan by pure cultures of fungiinasand medium. Theoretically, about 207 
mgm. of carbon were added to the medium in the form of xylan. The Zygor- 
hynchus and Rhizopus were quite inactive in this experiment and gave off only 


DECOMPOSITION OF HEMICELLULOSES: II 115 


5.0 and 8.4 mgm. of carbon respectively, above the amount found in the un- 
inoculated control. The remaining fungi liberated as carbun dioxide nearly 
20 per cent of the carbon originally present in the xylan. 

The liberation of carbon dioxide by the actinomyces from xylan in sand 
medium is given in table 20. Here again, the rapidity of evolution of carbon 
dioxide by the actinomyces is more gradual than in the case of the fungi, but 
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Fic. 5. THE RATE OF DECOMPOSITION OF THE VARIOUS HEMICELLULOSES BY ACTINOMYCES 
IN A PERIOD OF SIX WEEKS 


it is also more prolonged. With one exception, over 25 per cent of the carbon 
in the xylan was liberated as carbon dioxide by the actinomyces. 

Very little can be said at the present time concerning the mechanism of 
decomposition of the hemicelluloses by fungi and actinomyces. A certain 
amount of organic acids is formed by some of the fungi. The nature of these 
acids is not known, the amount varying with the organism, period of incuba- 
tion, nature and composition of medium, etc. In no case did the actinomyces 
produce any organic acids in the cultures. This suggests definitely that the 
different organisms decompose the hemicelluloses in a different manner. 
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The average rate of decomposition and the total decomposition of the three 
“hemicelluloses,” in a natural and purified state by fungi and actinomyces is 
brought out graphically in figures 1 to 5. 


SUMMARY 


A study has been made of the decomposition of several typical hemicellu- 
loses, both in a purified form and in the natural plant material, by certain pure 
cultures of fungi and actinomyces, 

The galactan was found to be more resistant to decomposition by micro- 
örganisms than were the mannan and xylan. 

All the fungi tested were able to decompose the specific hemicelluloses; the 
Phycomycetes were as active in this process as the cellulose-decomposing fungi 
used in these experiments. 

The actinomyces were found to be even more active in the decomposition of 
hemicelluloses than the fungi, especially under favorable conditions of culture. 

When the rate of decomposition of hemicellulose by microörganisms was 
compared, measuring the evolution of carbon dioxide, the fungi were found to 
be more active in the beginning of the incubation period, but became consider- 
able slower after decomposition has proceeded for about a week. The actino- 
myces were slow at the beginning of incubation, but maintained a more uni- 
form rate of decomposition throughout a Jonger period of time. 

The type of hemicellulose was found to be the most important determining 
factor in controlling the actual amount of decomposition by fungi. The ac- 
tinomyces, however, were influenced not only by the type of hemicellulose but 
also by the environmental conditions at which decomposition was taking 
place. 

Both fungi and actinomyces liberate considerable amounts of carbon diox- 
ide in the process of destruction of hemicelluloses. The former also produces 
small amounts of organic acids in this process. 

It appears that the process of preparation and purification of the hemicellu- 
loses influences the nature and rate of their decomposition by microörganisms. 


REFERENCES 


(1) Hérissey, H. 1903 Récherches chimiques et physiologiques sur la digestion des 
mannanes et des galactanes par la seminase chez les végétaux. Thése. Paris. 

(2) Jones, L. R. 1909 Pectinase, the cytolytic enzyme produced by Bacillus caroto- 
vorus and certain other soft-rot organisms. N. Y. Agr. Exp. Sta. Tech. Bul. 11. 

(3) LINTNER, C. J. anp Durr. 1891 Über die chemische Nature des Gerstengummi. 
Chem. Ztg. 15 (Repertorium): 266. 

(4) Orro, H. 1916 Untersuchungen über die Auflösung von Zellulosen und Zellwänden 
durch Pilze. Beitr. Allg. Bot. 1: 190-260. 

(5) Pırman, G. A., anp Cruzss, W. V. 1929 Hydrolysis of pectin by various micro- 
organisms. Jour. Indus. and Engin. Chem. 21: 1292-1295. 

(6) Reck, R. D. 1927 Biochemical decomposition of cellulosic materials, with special 
reference to the action of fungi. Ann. Appl. Biol. 14: 1-44 


DECOMPOSITION OF HEMICELLULOSES: II 117 


(7) SCHELLENBERG, H. C. 1908 Untersuchungen über das Verhalten einiger Pilze gegen 
‘ Hemizellulosen. Flora 98: 257-308. 
(8) Script, E. G., PETERSON, W. H., AND FreD, E. B. 1923 The destruction of pento- 
sans by molds and other microörganisms. Soil Sci. 15: 479-488. 
(9) Smarts, R. G. 1924 A chemical and pathological study of the xylem of the apple 
caused by Polystictus versicolor Fr. Phytopathology 14: 114-118. 

(10) Torrens, B., anD GLausitz, H. 1897 Über den Pentosan-gehalt verschiedener Ma- 
terialien, welche zur Ernährung dienen, und in den Gärungs-Industrieen ange- 
wendet werden, und über den Verbleib des Pentosans bei den Operationen, welcher 
die obigen Materialien unterworfen werden. Jour. Landw. 45: 97-111. 

(11) Waxsman, S. A. 1931 Decomposition of the various chemical constituents of fresh 
plant materials by pure cultures of fungi and bacteria. Arch. Microb. 2: 136-154. 

(12) Waxsman, S. A., AND Dream, R. A. 1931 On the decomposition of hemicelluloses 
by microorganisms. I. Nature, occurrence, preparation and decomposition of 
hemicelluloses. Soil Sci. 32: 73-95. 

(13) Waksman, S. A., AND HEUKELEKIAN, H. 1926 Cellulose decomposition by various 
groups of soil microorganisms. IV Internatl. Soil Sci. Conf. Rome, Comn. 3: 1-13. 


